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(§) Cursor displacement control device for a computer display. 

(g) The control device is contained within a computer and includes a support (13), a manually movable 
actuating member (10, 61)movably supported by the support, and a magnetic reluctance type detector 
(14, 14') for detecting a magnitude of movement of the movable actuating member within a unit of time. 
The pointer or the cursor on the display can be moved in accordance with the detected magnitude of 
movement of the movable actuating member. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present ivention relates to a cursor displacement control device for a display of a computer to a desired 

position on the display. 

2. Description of the Related Art 

10 In a conventional method of inputting and outputting data during data processing, the data is formed by 

utilizing an input means such as a digitizer, a mouse, a light pen, or a track ball, in addition to a keyboard, while 
displaying data in the form of characters or graphics on a screen of a display, such as a CRT, of a computer, 
and giving vocal instructions to the computer. For example, such a method is frequently used in CAD or simu- 
lations in which data is processed by graphics. 
15 Recently, in the fields of data processing and office automation, the number of operating systems and 

amount of software requiring the use of a pointing device other than a keyboard, while giving vocal instructions 
to the computer, has increased, in an attempt to improve the operabiiity of the computer. 

Currently, there is a trend toward replacing desk-top type computers composed of a mutually independent 
computer main unit, keyboard and display, with a laptop type, note-book type or palm type computer, in which 
20 the computer main unit, the keyboard and the display are provided as an integrated unit, which are convenient 
for carrying due to their lighter weight and small size. 

Therefore, a pointing device must be able to be operated not only on a desk, in the conventional manner, 
but also with a laptop or palm type computer. Accordingly, the pointing device must occupy less space than 
the conventional mouse or digitizer, etc., and be built-in to the computer unit; even in the conventional desk-top 
25 type computer, due to the need for a smaller space occupation, the pointing device must be built-in to a major 
component of the computer. Further, in the case of portable computers, such a device must have a low power 
consumption because such a unit mainly utilizes a battery as a power source thereof. 

A conventional pointing device built-in to the computer unit is shown in Figs. 45A - 45C. In Fig. 45A, a bar 
2 connected to a not shown sensor is provided on a keyboard 1, so that a pointer or cursor can be moved left 
30 and right by moving the bar left and right, and up and down by moving the bar backward and forward. (See 
Japanese Unexamined Patent Publication Kokai No. 1-503418 corresponding to USP 4,712,101; 4,724,715; 
4,823,634 and 4,896,554). Figures 45B and 45C show a construction in which, between a lower member 5 
below a shaft 4 of a J-key or F-key as a home key and a housing 6, four sensors, e.g., tension gauges, are 
provided (Fig. 45B, or as shown in Fig. 45C, four sensors 7 such as tension gauges are provided, respectively, 
35 on each of four sides of the shaft 4 having a square cross-section, so that the pointer or cursor can be moved 
left and right by pressing the key-top 8 to the left and right, and up and down by pressing the key-top 8 backward 
and forward. Note, in the foregoing operation a control key must be pressed at the same time; i.e., when the 
key is simply pressed in the vertical direction, a normal character input can be made. (See U.S. Patent No. 
4,680,577). 

40 In the conventional pointing devices which are built-in to the computer unit, in the construction of Fig. 45A 

a problem arises in that the bar 2 occupies a substantial area of the keyboard 1 , and thus leads to an increase 
in the size thereof, and further, it cannot be operated in an oblique direction (namely, on the X-Y Cartesian plan, 
it is possible to operate only in the X or Y direction with one action, and thus a movement in an oblique direction 
must be made by a combination of movements in the X and Y directions), and therefore, the operation is incon- 

45 venient Also in the constructions of Figs. 45B and 45C. a delicate control must be made of the force exerted 
on the key-top 8 in the left, right, backward and forward directions, and thus the operabiiity is lowered. 

In view of the problems set forth above, an object of the present invention is to provide a pointing control 
device which can be built-in to a keyboard of a desk-top type computer and a portable compact computer unit, 
and can provide an enhanced operabiiity. 

50 

SUMMARY OF THE INVENTION 

To achieve the above object, according to the present invention, there is provided a pointing device for 
moving a pointer or cursor to a desired position on a display of a computer, wherein a pointing control device 
55 comprises a support, a manually movable actuating member movably supported by the support, and a magnetic 
reluctance type detector for detecting a magnitude of movement of the movable actuating member within a unit 
of time, so that the pointer or the cursor can be moved in accordance with the detected magnitude of movement 
of the movable actuating member. 

3 
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According to one aspect of the present invention, the manuaily movable actuating member is realfeed by 
a plate-like slider member slidably supported on the support js 

According to another aspect of the present invention, the manua y ™> vaD '® "T^Jr ODerator . s finger . 

thus can be easily built-in to the keyboard of the computer unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invent w«. be described below in detail . w» ^^^^^^^^ 
Fig. 1 is a sectionial view of a pointing control device in an assembled condition accoru g 
diment of the present invention; . 

Fig. 2 Is an exploded parepsctive view o! m. M «^^*~" "J ^ „ hen opeial i„g me slider 
Figa 3A and 3B ate schematic views showing two ways of improving the touch wnen ope 

SrrjSSSS-— vie- o, two dmeren, odgln posKon recognldon means In me slide, « me 

Z r,™. v*w o, a cove, m» proving £ "^^^p".^ ,ns,a»ed 
Figs 6A and 6B are schematic views showing a poinbng control device oi me pre 

ferent operational positions; i: ert i a ~>m^nt of a slider 

Fig. 10 is a sectional view showing another example of a switch pressmg means 
Fig. 11 is a circuit diagram for performing an acceleration control; 

Pio 12 is a flowchart of an acceleration control; . ... 

original position; . e _ 

Fig 1 5D is a partial sectional view taken along the line d-d in Fig. 1 bo, 

f!^ 

f£"i8 is a sectional view of a control device according to a fourth embodiment of the present invention; 
Fig. 19 is an exploded perspective view of the fourth embodi r2^^ F ;-j^ op « - ort potf- 
Fig. 20A. 20B and 20C are sectional views of the fourth embodiment, shown in different oper 

Fraiisasec.iona.viewofapointing control ^mi^toum,***^**^^ 

S n s i^ssl-^ -™ h Fi , 25: 

Fig 27 is sectional view of a seventh embodiment of the invention; 

Fig'. 28 is sectional view of an eighth embodiment of the P resent i i " ve " t . ,on 1 = m 

Fig. 29 and 30 are schematic views explaining how to detect a slider hQ|e member 

Figs. 31 A and 31 B are diagrams showing an operation range and initial operating range of the 

in the present invention; ^nitane and a counter value stored in the 

Fig. 32 is diagram showing a relationship between a detected voltage and a counter 
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MPU; 

Fig. 33 is a partial perspective view of a keyboard on which a pointing control device of the present invention 
is provided, at the front edge thereof; 

Fig. 34 is a perspective view similar to Fig. 33, showing the device in an operational position; 
5 Fig. 35 is a plan view of a keyboard shown in Fig. 33; 

Fig. 36 is a front elevation of a keyboard shown in Fig. 33; 

Figs. 37 and 38 are explanatory views showing a slider and input keys in different operational positions; 
Fig. 39 is an explanatory view showing a slider and a pair of input keys when manipulated by the operator's 
fingers; 

10 Fig. 40 is a plan view showing a relationship between a tapered surface portion and a slider; 

Fig. 41 is a front elevational view of a portable computer provided with a pointing control device 4 of the 
present invention; 

Fig. 42 is a view similar to Fig. 41, showing an operating position thereof; 
Fig. 43 is a perspective view of a portable computer shown in Fig. 41, viewed from behind; 
15 Fig. 44 is an enlarged plan view of a part of an operating portion of a portable computer shown in Fig. 41; 

and 

Figs. 45A, 45B and 45C are perspective views showing three examples of known pointing control devices. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 

Figure 1 and 2 show the first embodiment of the present invention, in which Fig. 1 is a sectional view when 
in an assembled condition, and Fig. 2 is an exploded perspective view. In both figures, 10 denotes a slider which 
includes an elastic member 1 1 and a dome-shaped member 1 2 formed with an opening 12a at the center portion 
thereof, 13 denotes a housing supporting the slider 10 for a free sliding movement thereon, 14 and 14' denote 

25 magnetically reluctant elements, 15 denotes a switch, 16 denotes a key-top of the switch, 17 denotes a printed 
circuit board on which the magnetically reluctant elements 14 and 14' and the switch 15 are mounted, 18 
denotes a permanent magnet provided on the slider 1 0, and 1 9 denotes a casing of the device. 

The elastic member 1 1 of the slider 10 can be made of an elastic material, such as a rubber, to give a better 
feeling during contact therewith. The elastic member 1 1 and the dome-shaped member 12 are coupled to each 

30 other, and the permanent magnet 18 is buried at the lower central portion of the elastic member 1 1 . The per- 
manent mag net can be a plastic magnet integrally formed with the elastic member 1 1 . The housing 1 3 is formed 
into dome-shaped configuration with a large opening 13a at the center thereof, and the slider 10 is slidably sup- 
ported on the housing 13. The magnetically reluctant elements 14 and 14' and the switch 15 are mounted on 
a printed circuit board and fixed beneath the slider 10. 

35 To further enhance the feeling when operating the elastic member 1 1 of the slider, a crater-like recess 1 0a 

can be formed at the center portion thereof, as shown in Fig. 3A, or as an alternative, a small projection 10b 
can be provided at the center portion thereof as shown in Fig. 3B, whereby the origin position of the slider can 
be easily recognized. Also, as an origin position stopper means, projections 10c projecting from the lower sur- 
face of the slider 10 can be provided, to engage with projections 10c having recessed portions 20a in legs 20 

40 extending from a base 21, as shown in Figs. 4A and 4B. 

Furthermore, to improve the operability, a dent 1 9a can be formed along the circumference of the opening 
of the casing 19a, to enable an easy identification of the stroke limit of the slider, and thus avoid a possibility 
of pinched fingers or other injuries when rapidly operating the slider 10 to the limit of its stroke, as shown in 
Fig. 5. 

45 The shown embodiment is used in the manner illustrated in Figs. 6A and 6B. Figure 6A illustrates the embo- 

diment of the pointing control device 25 when actually installed in a keyboard section 24 of a portable small-size 
computer 23. The pointing control device 25 is arranged at a position such that it can be conveniently operated 
during a keyboard operation by placing the hands at the home position, as shown in Fig. 6A. Figure 6A and 
6B show an example of the device when arranged in the vicinity of the nearest end, for convenient operation 

so by the thumb. The location of the pointing control device 25 is not limited to Figs. 6A and 6B, and can be modified 
as discussed hereinafter. 

Figure 7A through 7C show the operation of the embodiment of the pointing control device. Figure 7A shows 
the condition when the operation is made by using the thumb, where the thumb 26 is placed in the recess 10a 
at the center of the slider 10. Figure 7B shows an example of an operation with a finger, such as the index 
55 finger. In this case, similar to the case of Fig. 7A, the index finger 27 is placed within the recess 10a of the 
slider 10 to operate the slider 10 as shown in Fig. 7C. When the slider is to be operated by a finger other than 
the thumb, it is preferable to arrange the pointing control device at the side away from the operator, to enable 
a better operability. 

5 
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Figures 8A and 8B shows the way of detecting a displacement of the slider, wherein Fig. 8A is a perspective 

Vi8W v^ 

the X axis and Y axis, according to the movement of the slider, the res.stance value of ^^ e ^ T ^^ 
elements 14 and 14' is varied by the effect of the magnetic reluctance caused ^^S^^SSS 
flux. The provision of the magnetically reluctant elements 14 and 14' for > Y cSSSS 

movement, as illustrated by arrows A, and A 2 . enables the displacement of the shder m the X and Y d>rect.ons 
to be detected from the corresponding variations of the magnetic reluctance, respectively. 

At this time, the pointer or cursor on the display of the computer can be moved by an accelerate control 
of the displacement magnitude. The details of this control will be discussed later. movement of 

,n practical operation, when the slider is operated with a large '^T^T^!^!!^ 
the pointer or cursor on the display of the computer is large. Alternately, when the shder .s operated wrth 
small or tiny magnitude, the movement of the pointer or cursor is small or fine. 

"he operators me points 
of the pointer or cursor on the display, for a readjustment thereof by the ^^^^S^ * 
operations is controlled in a feedback manner, the operability can be ma.ntemed at ai J*"™*" 

Figures 9A and 9B show another embodiment of a slider displacement detecting me« .nwh.cn F,g. 
9A shows a perspective view and Fig. 9B shows a plan view of the magnet.wlly reluctant 

n Fig. 9A. 18 denotes a permanent magnet provided on the slider 10. wh.ch ,s W»d " 
direction (in the embodiment of Figs. 8A and 8B. the magnetizing direction is ^^^^S^. 
magnetically reluctant element arranged just below the permanent magnet 18. The JJJ^J 
ment 14 5 is formed by barber-pole type magnetic reluctance patterns 28-1 - 28-4 on a subsfrate 29. ana eacn 
Z opposes patterns are connected in series to each other. Accordingly, by applying a voltage J jetween the 
teLnals AB and CD, a magnetic flux acts on the magnetic reluctance patterns connected in , series .n a drf- 
feZal manner, due to a movement of the permanent magnet, and therefore, voltages proportona. to a mag- 
nitude of displacement of the permanent magnet 18 are output through terminate VAB and 

The detecting mechanism utilizing variations of the magnetic reluctance by the magnetically reluctant ele- 
ments has the advantages of a low power consumption and simple construction. 

^"n mVsh^bSiments. a click button provides functions equivalent to other ^^^£2 
a mouse, track ball, or digitizer. In the construction of Fig. 1. by depressing the ^ *Hv o^te me 
member 1 1 . the wide area key-top 1 6 can be depressed at any position of the shder. to thereby operate the 

"""S another means of operating the switch 15. a switch depression plate 13b is provided in the housing 13 
as shown in Fig. 10. The housing 13 is supported in a floating condition on the base 21 by springs 20. and the 
switch 15 is operated by pressing the slider 10. 

The slider acceleration control will be discussed with reference to Figs. 1 1 and iz. 

Sure 1 1 is a circuit diagram of a control circuit, wherein 43 denotes a detecting 
the defecting section of the embodiment of Figs. 9A and 9B) for detecting a magmtude of d.splacement of the 
slider 10 44 denotes an A/D converter, and 45 denotes an MPU. 

An X axis displacement signal and Y axis displacement signs, output from the dejecting 
detecting a magnrtude of variation of the magnetic reluctance or a magnitude of rotation of the 
ampS and th'en digitally converted by the A/D converter 44. and the MPU 45 then performs an acceleration 
control to thus obtain an output. The flowchart of the acceleration control is shown in Fig 12A 

As shown in Fig. 1 2A. Zt the X axis output voltage output corresponding to a magmtude of d-splacement 
along the X axis is measured and stored, then in the same way. the output voltage correspond^ to the mag- 
nitude of displacement along the Y axis is measured and stored. nr ^ antinn an acce i. 

The MPU is provided with a table, as shown below, for outputting a counter value 
eration corresponding to the voltage values in the X and Y axes directions. For example, when the X axis voltage 
SSSZ 5£y£ is voltage value is 8, the respective counter values 1 0 and 40 are output to hereby outpu 
aCla^m^ 
the cursor. 
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Table 



Voltage 



Count: value 



5 



0 



0 



2 



10 



4 



20 



10 



8 



40 



The cursor movement by an acceleration control as set forth above has an advantage In that the stroke of 
the displacement of the slider 10 can be made smaller, to thus facilitate the operation and enable the device 
15 to be made compact. In particular, the lateral size of the device can be reduced, so that the device can be accom- 
modated in a space of one key of the keyboard. 

Figures 13 and 14 show a second embodiment of the present invention, in which Fig. 13 shows a cross- 
section view in the assembled condition and Fig. 14 is a exploded perspective view. 

In both figures, 1 0 denotes a dome-shaped slider having a permanent magnet 1 8 and a plurality of projec- 
20 tions 32 for hooking garter springs, on the lower surface thereof, to which a garter springs are attached, 13 
denotes a housing for slidably supporting the slider and is provided with a large opening at the center thereof, 
and a garter spring hooking and switching depressing frame 33 provided on the lower surface thereof, 17 
denotes a printed circuit board, on which the magnetically reluctant elements 13 and 14' and the switch 15 are 
mounted, and 34 denotes a garter spring alternatively hooked onto the projections 32 of the slider and the frame 
25 33 of the housing, to thereby return the slider 10 to the origin position thereof. Although not illustrated, a cra- 
ter-like recess or projection, as in the first embodiment (Fig. 1) can be provided at the upper portion of the slider 
10. Also, it is possible to employ the displacement detecting means shown in Fig. 9. Further, the permanent 
magnet 1 8 can be bonded, buried or formed by a plastic magnet, when attached thereto. Alternatively, it is poss- 
ible to magnetize the central lower section of the slider 10. The garter spring 34 can be easily assembled, in 
30 such a manner that it is first hooked to the hooking sections of the frame 33 of the housing and then pulled 
upward toward the upper surface of the housing 13 and hooked onto the projections 32 of the slider 10. 

Another means for returning the slider 10 to the origin position, in place of the garter spring, is illustrated 
in Figs. 15A through 15D. The construction shown in Fig. 15A employs a compression spring 35 between the 
slider 10 and the base 21 ; the compression spring 35 is distorted during the slider movement, and thus returns 
the slider 10 to the original position by a recovery to the original state thereof. Figure 15B shows a construction 
in which a plurality of tension springs 36 are provided for pulling the slider in any direction. Figures 15C and 
15D show a construction in which a rubber piece 37 is disposed between the outer periphery of the slider 10 
and the housing 13. In all of the above cases, the resilient or elastic force of the springs 35, 36, or rubber piece 
37, returns the slider 1 0 to the origin position thereof. 

The embodiment described above is operated as shown in Fig. 16. In this figure, the slider 10 is moved 
backward and forward, or left and right, by the thumb. The displacement of the slider 1 0 is detected by the mag- 
netically reluctant elements 14 and 14', and when the thumb is removed from the slider 10, the slider is auto- 
matically returned to the origin position by the return means such as the garter spring. Further, when the slider 
10 is pressed down, the switch 15 is operated, through the housing 13, and dosed. 

Figures 1 7A through 1 7D are views showing the major part of the third embodiment of the present invention, 
in which Fig. 17A shows the lower surface of the slider 10. Fig. 17B is a partial sectional view of the slider, Fig. 
1 7C is a perspective view of the housing 1 3, and Fig. 1 7D is a partial sectional view of the slider when supported 
on the housing. 

The construction of this embodiment is essentially the same as that of the first embodiment (Fig. 1) or the 
second embodiment (Fig. 13), and is different only in that a plurality of radially extending elongated projections 

38 are provided on the lower surface of the slider 10 as shown in Figs. 17A and 17B, and an annular projection 

39 is formed along the peripheral edge of the opening as shown in Figs. 17C and 17D, to thereby establish 
point contacts at a plurality of positions. 

This embodiment provides an enhanced slidability of the slider, and the opening 13a at the center of the 
housing 13 is made greater to facilitate the addition of other functions. This embodiment also has the advan- 
tages achieved by the first and second embodiments. 

Figures 18 and 19 show the fourth embodiment of the present invention, in which Fig. 18 is a sectional 
view when in an assembled condition, and Fig. 19 is a exploded perspective view. 
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In both figures, 10 denotes the slider, 13 denotes the housing. 14 and 14' denote magnehcally reluctant 
elements. 15 k the switch, 17 is the printed circuit board. 18 is a permanent magnet, and 19 m Jta own* 

The slider 10 is formed into a disc-shaped configuration with an annular projector, 10d hav,n a ^semrcrr 
cular cross section or a small projection similar to the small projection 1 0b in F.g. 3. The permanent magnet 
1 8 J p^Tded on the lower surface of the slider 1 0. The housing 1 3 is provided with a central sma d.~ secbon 
3b supported by a plurality of arms 13d extending from an annular section 13c. wh.ch annular sect.cn 13c 
suppose slider 10 for movement in the desired direction. The switch 15 is arranged ,mmed.ate y below the 
3^1 1 3b of the housing, together with the printed circuit board 17 on wrtoh the magneboany re luc- 
Lntelements 1 4 and 14' are mounted, and a circular window 1 9b is formed through the cas.ng so that the shder 
In be opeited through thfe window 19b. The positional relationship between the magnetically 
mente 14 and 1 4' and Sie permanent magnet 1 8 is similar to that of the first embod iment of Fig. 1 , but the con- 
Sor .as "shown in Fig 9 is also applicable. Also, it is possible to employ the orig.n retum.ng means (F,g. 
l3orFia 15) for the slider, as in the second embodiment 

TSemboLent is operated as shown in Figs. 20A through 20C. Figure 20A shows the condrtron .n wh.ch 
the sTdeM ^fe operated oy an index finger 27. Namely, the slider 10 is operated by placing the ,ndex finger 
27 wSthe area defined by the annular projection 10d of the slider 10. and a displacement of the shder 10 
fe detected by the magnetically reluctant elements 14 and 14'. in the same manner as .n the first ernbcd-ment 
v^en Se slider 10 is depressed in the vertical direction, the resilient legs 13e of the housmg are deformed to 
depress and close the switch 15. through the small disc section 13b 

Fioure 20B shows the condition in which the slider 10 is operated by the thumb 26. and F.g. 20C _ shows 
the cond tion >n wZ the slider 10 is moved to the left by the thumb 26. Simitar to Fig^O* ^^e-agn^ea^ 
displacement of the slider 10 is detected by the magnetically reluctant elements 14 and 14 . and further, by 
H*nrpc;sina the slider downward, the switch 15 is closed. 

^hTfourth embodiment enables the device to be made compact and thinner, by a flat-plat* 
of the stider. Therefore, this embodiment is particularly effective for palm type computers .n wh.ch the space 

l Z^££ZS££ the^ete ~, a compac* and »in pointing device can be realized 
byl^E he^ide^ 

magnet provided on the slider and the magnetically reluctant element arranged 

possible to lower the power consumption to thereby enable an application mereof to the t£».ta note 

book type or palm type computer. Also, by building the device into the keyboard of a desk-top type computer. 
rbTco^Lunnecessary to provide the working space usually required for the conventional mouse and d.g.tizer. 

views when assembled and Fig. 22 shows an exploded perspecbve v.ew. ^„„«* ahn b 
in the drawings. 61 denotes a hole member. 62 denotes a coupling for hold.ng the root port.on o tine hole 
member 61. and^9 denotes a casing for supporting the hole member 61. The cas.ng 19 .n F.gs^ 21 and 22 
Tndin the subsequent figures, functions as the support body 13 of the previous embod.ments. A P""™* 
magneH T 8 is buried in the bottom of the ho.e member 61. The switch 15. the key top 16. ^9"^"^ 
Magnetically reluctant elements 14. 14'). etc., mounted on the printed circuit board 17 are the same as those 
oTthe S embodiment (Fig. 1) of the invention. The hole member 61 is made of an elastic matenal. such as 
Iber Sd defi^Ttherein a ho.e 61a for an insertion of the index finger for example, them.n. Note, .nstead 
of the permanent magnets 14. 14' the hole member 61 is can be formed of a magnetic rubber. 

The c^upTng 62 is engaged and fixed at the root portion of the hole member 61 . The dev.ce of the .invention 
is Jmprise?o?a fewer number of components which can be mass-produced, and can be eas.ly and .nexpen- 
sively assembled by successively superimposing one on the other. 

Figure 23 shows the operation achieved by bending the index finger inserted ,n the hole 61a of the hole 

mem Rgure24 shows the operation achieved by bending the index finger. Namely, by bending the i index finger^ 
the permanent magnet 18 fixed to the bottom of the hole member 61 is moved. The rnethod of detecting the 
movement of the magnet 18 has been discussed hereinbefore with reference to F.gs^ 8A and 8B. 

Ftaures 25 and 26 show the sixth embodiment of the present invention, in wh.ch F.g. 25 shows a sectional 
view vLn assembled and Fig. 26 shows an exploded perspective view. In these figures. 
sending to those of the embodiment shown in Fig. 21 are represented by the same reference n^erals^and 
Sus a description thereof is omitted. Note, although the configurations of each of the parts of the fifth embo- 
diment and the sixth embodiment are slightly different, the functions rema.n the same. 

Numeral 76 denotes a spring for returning the hole member 61 to the initial pos.bon and is d.sposed be- 
tween an outer peripheral flange 50 provided on the hole member 61 and the hous.ng 72. 
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To make the hole member 61 movable in any desired direction, the sixth embodiment is provided with pro- 
jections 73 of the coupling 62 inserted through two openings 71 formed symmetrically on the inner side surface 
of the casing 19 and projections 73 provided on the upper side surface of the hole member 61 inserted in holes 
75 formed symmetrically at positions offset from the projections 73 by 90°. for example. Accordingly the hole 
member 61 is movable in any direction. 

Figure 27 shows the condition in which the finger is actually inserted. Similar to the condition illustrated in 
Fig. 24, the hole member 61 can be moved by bending the finger about the joint thereof. 

As a means for positioning the hole member 61 at the origin position a projection 78 is formed at the lower 
portion of the hole member 61. At the origin position (initial position) of the hole member 61, the projection 
engages wrfh a corresponding recess 74 formed on the housing, and thus is stably held at the initial position 
as shown in Fig. 25. 

The projection 78 can be easily released from the recess 74 when the hole member 61 is operated and 
is returned to the origin position by the force of the coil spring 76. 

Figure 28 shows a section of the seventh embodiment of the present invention, which corresponds to the 
is construction of Fig. 21 to which the concept of the sixth embodiment is applied. 

In Fig. 28, the hole member 61 is formed of an elastic material having relatively large elastic modules and 
therefore, the spring 76 shown in Figs. 25 to 27 becomes unnecessary, due to the ability for a self-alignm«nt 
to the ongm position by the elastic force thereof. The recess 74 for engagement with the projection 78 on the 
bottom of the hole member61, i.e., forming the origin positioning means, is formed on the key top 16- 80 denotes 
20 a spnng for depressing the key top 16 onto the hole member 61 by which the projection 78 can be stably held 
in the recess 74. Note, the spring 80 also has a function equivalent to that of the spring 76 of the embodiment 
of Fig. 25. 

As an alternative to the arrangement shown in Figs. 9A and 9B, it is possible to arrange four magnetically 
reluctant elements 14-1, 14-2, 14-3 and 14-4 at four directions with respect to the permanent magnet 18 as 
shown in Figs. 29 and 30. Note, even in this case the magnetizing direction is vertical. 
Figures 31 A and 31 B show the range of movement of the hole member 61 . 

In Fig. 31A when the hole member 61, and accordingly the magnet 18, is inclined from the position illus- 
trated by a solid line to the position illustrated by the one-dot line, the total displacement magnitude is rl + r2 
in which the r1 shown by the one-dot line is assumed to be the initial displacement range. When observed in 
a plan view as shown in Fig. 31 B, the initial displacement range becomes a circle having the radius r1 This 
initial displacement range corresponds to the range of a substantially small magnitude of displacement obtained 
by inserting the finger, or a small action of the finger when inserted therein. 

Figure 32 shows one embodiment of a table in the MPU 45. Preferably, the cursor or pointer is maintained 
within the initial displacement range r1 , i.e.. until the voltage output from the detecting device reaches the volt- 
age value 8. the counter value is maintained at zero and no count is made. This improves the accuracy of the 
measurement * 

As set forth above, according to the embodiments illustrated in Figs. 21 to 32, a compact and thin pointing 
device can be realized by providing a hole member in the casing as a finger insertion hole. Also, a lowering of 
the power consumption makes it applicable to laptop, note book or palm type computers. Also, by building the 
40 dev.ce .nto the keyboard of a desk top type computer, it becomes unnecessary to provide the working space 
usually required for the conventional mouse and digitizer, to thus save space. " * 

Fig. 33 shows the pointing device 25 shown in Fig. 13 provided in the form of an elongated-oval recess 84 
in the front side edge 83 of the board key 24. In this figure, the upper slider 10 is exposed to the outside 
Further two input keys 85 and 86 are arranged in the recessed elongated oval portion 84 on opposite sides 
45 of the slider 1 0. 

Namely, as shown in the foregoing Fig. 13. when only one input key is required, only the switch 15 need 
be provided on the printed circuit board 17. but when two switches are required, the operation is facilitated by 
arranging the switches symmetrically with respect to the slider 10. 

Fig. 34 shows the device when in use. 
so The present invention integrates the keyboard and the cursormoving device by providing the cursormoving 

device, wh,ch includes the pointing device and the input key, on the front side surface, left side surface or right 
side surface of the keyboard. 

The tapered oval-like portion 84 is formed as a recess, and the input keys 85 and 86 are formed as a col- 
shape with a stepped down center portion. The input keys 85 and 86 are provided with an anti-slip member 
55 (e.g., projection) 88 on the surface thereof. 

As shown in Fig. 34. the device according to the invention is preferably arranged such that an operation 
of the slider by the thumb 26 at the home position is facilitated. In this figure, the index finger 27 is on the J key 
of the keyboard. " 
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Figures 35 and 36 are a plan view and a side elevation view in which the slider 10 of the control device 25 
is positioned on a front upper surface 90 and a front end face 89 of the keyboard 24, respectively. Anti-slip 
members 88 are provided on the surface of the input keys 85 and 86. 

Figure 37 shows the condition in which the finger 26 (or 27) is placed on the slider 10, and Fig. 38 shows 
5 a condition in which the slider 1 0 is moved to the left by the finger 26 (or 27). A good operability can be provided 
by causing the slider 10 to stop when the finger touches the tapered recess portion 84. 

Figure 39 shows a condition in which two fingers (e.g., index finger 26 and thumb 27) are placed on the 
two input keys 85 and 86. 

Figure 40 is a plan view showing a positional relationship between the recessed portion 84 and the slider 
10 10. The markings 91 in X and Y directions are provided for facilitating the slider operation. 

As set forth above, by providing the recessed elongated oval-like portion on the side surface of the 
keyboard, and by providing the pointing device and the input key or keys in the recessed portion, the cursor 
moving device 25 can be built-in to the keyboard to thus provide an enhanced operability, and further, such a 
cursor moving device 25 can be applied to a laptop computer. 
15 Figure 41 shows another arrangement of the pointing control device 25 of the invention when incorporated 

in a portable computer 23 as shown in Fig. 6A. In Fig. 41 , 91 designates a display panel, 92 an indicating portion 
including an adjustment of the brightness of the display and a back light, a power source lamp, a battery lamp, 
and a disk drive lamp, and 93 a display portion, respectively. In general, the portable computer 23 is comprised 
of a body 99 having a key board 24 and a display portion 93 which can be closed to form one body therewith 
20 when not in use. The pointing control device 25 of the invention is located on the display portion 93 in the vicinity 
of the right lower corner thereof. This area of the display portion 93 in which the pointing control device 25 is 
located in the present invention is usually unused in a conventional portable computer 23. 

Figure 42 shows the pointing control device 25 actuated by an operator. To move the cursor or the pointer, 
the operator puts his or her thumb of the right hand onto the pointing control device 25, which is positioned so 
25 as to provide a good operability. 

Figure 43 shows a portable computer 23 viewed from behind. In Fig. 43, numerals 96, 97 and 98 designate 
first, second and third button switches corresponding to function buttons (click buttons, drag buttons, etc.) of 
the mouse, and 95 projections or recesses, or a combination thereof, for discriminating the first, second and 
third button switches. The number of the button switches is not limited to three, and can be more or less than 
30 three, depending on the mouse to be used. 

The button switches are preferably arranged in a sector shape along an arc of a circle having a radius 
approximately corresponding to the length of any finger, and agreeing with the configuration of the fingers, as 
shown in Fig. 43, to thus improve the operability. 

As can be seen in Fig. 44, when in use, the operator can actuate a desired button switch 96, 97 or 98, for 
35 example, with his or her index finger or middle finger, while actuating the slider 1 0 of the pointing control device 
25 by using the thumb. 



Claims 

40 

1 . In a device for moving a pointer or cursor to a desired position on a display of a computer, a pointing control 
device comprising: 

a support (13); 

a manually movable actuating member (10, 61) movably supported by the support and, 
45 a magnetic reluctance type detector (14, 14') for detecting a magnitude of movement of the movable 

actuating member within a unit of time, whereby the pointer or the cursor can be moved in accordance 
with the detected magnitude of the movable actuating member. 

2. A pointing control device according to claim 1, wherein said actuating member is a plate-like slider (10) 
so slidably supported on the support 

3. A pointing control device according to claim 2, wherein said slider (10) has a dome-shaped configuration, 
and said slider is spherically slidable in a desired direction. 

55 4. A pointing control device according to claim 3, wherein said dome-shaped slider (10) is provided with a 
crater-form recess (10a). 

5. A pointing control device according to claim 3, wherein said slider (1 0) is provided with a center small pro- 
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jection (10b), so that the position of the slider can be recognized when touched by an operator's finger. 

6. A pointing control device according to claim 3, further comprising a casing (19) for housing the slider (1 0) 
in such a manner that the slider (10) is partially exposed. 

7. A pointing control device according to claim 6, wherein said casing (19) is provided with a recess (19a) 
surrounding the exposed portion of the slider (10). 

8. A pointing control device according to claim 6, wherein an upper surface of said support (1 3) is provided 
with an annular projection (39), and wherein a lower surface of said slider is provided with radial projections 
(38) which engage with the annular projection of the support 

9. A pointing control device according to claim 2, further comprising means (1 Oc, 20a) for stopping the slider 
at an origin position thereof. 

10. A pointing control device according to claim 2, wherein said slider (1 0) is made of a flat plate slidably sup- 
ported on the support in the horizontal direction. 

11. A pointing control device according to claim 10, wherein an upper surface of said slider is provided with 
an annular projection (10d). 

12. A pointing control device according to claim 1, further comprising a permanent magnet (18) provided in 
the slider (10). 

13. A pointing control device according to claim 12, wherein said magnetic reluctance type detector comprises 
magnetically reluctant elements (14, 14') located in a vicinity of the permanent magnet (18), whereby a 
position of the slider (1 0) is detected due to a magnetic reluctance effect of the magnetically reluctant ele- 
ments. 

14. A pointing control device according to claim 1 , wherein said slider is at least partially made of a magnetized 
material. 

15. A pointing control device according to claim 1 , further comprising a returning means for returning said slider 
(10) to an origin position thereof. 

16. A pointing control device according to claim 15, wherein said returning means comprises at least one 
spring (34, 35 or 36) provided between the slider and an immovable portion of the device. 

17. A pointing control device according to claim 15, wherein said returning means comprises a rubber piece 
(37) provided between the slider and the support. 

18. A pointing control device according to claim 1, further comprising a switch (15) which is actuated by the 
slider (10). 

19. A pointing control device according to claim 13, further comprising an acceleration control means (43, 44, 
45) for controlling the detecting signal of said magnetically reluctant elements (14, 14') as acceleration. ' 

20. A pointing control device according to claim 1 , wherein said actuating member is a hole member (61 ) slid- 
ably supported on the support and having a finger insertion hole in which an operator's finger can be inser- 
ted. 

21. A pointing control device according to claim 20, wherein said support is constituted by a casing (19) for 
movably holding the hole member (61). 

22. A pointing control device according to claim 21 , wherein said hole member is formed of an elastic material. 

23. A pointing control device according to claim 22, further comprising a retaining means (62) for retaining 
the shape of the elastic hole member. 

11 
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24. A pointing control device according to daim 21, further comprising means (74, 78) for stopping the hole 
member at an origin position thereof. 

25. A pointing control device according to claim 21. further comprising a permanent magnet (18) provided on 
the bottom of the hole member. 

26 A pointing control device according to claim 25, wherein said magnetic reluctance type detector comprises 
magnetically reluctant elements (14, 1 4') located in a vicinity of the permanent magnet whereby a position 
of the hole member is detected due to a magnetic reluctance effect of the magnetically reluctant elements. 

27. A pointing control device according to claim 21, further comprising a returning means for returning said 
hole member to an origin position thereof. 

28. A pointing control device according to claim 27, wherein said returning means comprises a spring (76) 
15 provided between the hole member and an immovable portion of the device. 

29. A pointing control device according to claim 21, further comprising a switch (15) actuated by a movement 
of the hole member (61). 

30 A pointing control device according to claim 21 , further comprising an acceleration control means (43, 44, 
45) for controlling the detecting signal of said magnetically reluctant elements (14, 14') as acceleration. 

31. A pointing control device according to claim 30, further comprising a control means (45) for assuming the 
acceleration to be zero within a predetermined initial motion region of the hole member. 
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32. A portable computer including a keyboard (24) and a pointing control device (25) which is composed of a 
support (13, 19), a manually movable actuating member (10, 61) movably supported by the support, and 
a magnetic reluctance type detector (14, 14') for detecting a magnitude of movement of the movable 
actuating member within a unit of time, whereby the pointer or cursor can be moved in accordance with 

30 the detected magnitude of the movable actuating member. 

33. A portable computer according to claim 32, wherein said pointing control device (25) is provided on the 
front side of the keyboard. 

34. A portable computer according to claim 33, wherein the actuating member of the pointing control device 
(25) is located on the front side edge of the keyboard. 

35. A portable computer according to claim 33, wherein the actuating member of the pointing control device 
(25) is located on the front upper surface of the keyboard. 

36. A portable computer according to claim 33, wherein the actuating member of the pointing control device 
(25) is located on the front end face of the keyboard. 

37. A portable computer according to claim 33, wherein the pointing control device (25) comprises a pair of 
input keys (85, 86) located on opposite sides of the actuating member. 

38. A portable computer according to claim 37, wherein the pointing control device (25) is provided with a 
recessed portion in which the input keys are provided. 

39. A portable computer according to claim 38, wherein said pointing control device (25) comprises a marking 
which represents a direction of the movement of the actuating member. 

40. A portable computer according to claim 39, wherein said input keys are provided thereon with a non-slip 
means. 

41. A portable computer according to claim 38, wherein said recessed portion has a shape of an elongated 
oval when viewed from the front thereof. 
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42. A portable computer according to claim 32, further comprising a display portion (93) with a display panel 
(91), and wherein said pointing control device (25) is provided on the front face of the display portion. 

43. A portable computer according to claim 42, wherein said pointing control device (25) is provided in the 
5 vicinity of a corner of the front face of the display, portion. 

44. A portable computer according to claim 43, wherein said display portion is provided on a rear face thereof 
with function buttons (96, 97, 98) corresponding to function buttons of an existing mouse, on a side oppo- 
site to that of the pointing control device (25). 

10 

45. A portable computer according to claim 44, wherein said function buttons of the display portion are located 
in a substantially sector arrangement 

46. A portable computer according to claim 44, further comprising a discriminating means (95) for discrimi- 
15 nating the function buttons on the display portion. 
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